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Toxoplasma gondii is a parasite that can infiltrate different hosts and alter 
behavior. It can create an attraction to cat urine in rats or influence a culture. Different 
mechanisms have been proposed in the pursuit of understanding the control T. gondii has 
on its host, including the modulation of dopamine or circulating testosterone levels, or the 
formation of cysts in specific areas of the brain. Based on a thorough literature research 
and the correlation between parasite infection and schizophrenic symptoms, dopamine 
modulation is hypothesized to be the central area for the parasite’s control within this 
thesis. Dopamine is able to induce critical behavioral changes associated with parasite 
infection, and dopamine stabilizing drugs convert the host to normal behavior. Moreover, 
T. gondii’s codes for genes that creates enzymes and pathways for dopamine production. 
Other hypotheses were found to lack support: cyst formation was inconsistent and the 
hormone testosterone lacked the ability to change crucial behaviors associated with 
infection. Thus, the dopamine pathway plays a key role in T.gondii-mediated behavioral 
manipulation of the host.  
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 Toxoplasma gondii is a peculiar parasite, infiltrates a warm blooded host, most 
often rodents, and changes their innate fundamental behavior in order to provide an 
environment of safety. This intermediate host is utilized until a second host can be 
reached in which the parasite can proliferate itself. When rodents are infected the parasite 
reverses a natural aversion and deep seeded natural fear response to cat urine. Instead of 
avoiding the smell of feline urine, at all costs, the rodent seeks it out and puts itself in 
mortal danger. This host-seeking is essential for the parasite’s life cycle since it is only 
within the gut of a feline can Toxoplasma gondii undergo its sexual cycle and reproduce. 
Transmission of T. gondii could occur through the ingestion of the parasite, the 
transfusion of infected blood, and the maternal bond between mother and fetus. When 
humans are infected, depending on their immune system, they will become exhibit the 
same changed behavioral response to feline urine as well as subtle changes to their 
personality. Of course, with immune compromised individuals the parasite’s effect is 
greater as the infection may be fatal for these individuals. This alteration of behavior, the 
ability of this simple organism to induce such vast changes within its host, is what entices 
the imagination and tantalizes the intellect to imagine how the change within the host 
occurs. The parasite’s alterations of behavior have even been proposed in shaping 
cultural aspects of the human race and its sex archetypes (Lafferty et al. 2005 and 2006). 
Parasite alteration in behavior is one subject that has been studied and explored by 
countless scientists such as Skallova et al. and Flegr et al. Behavior is still not fully 
understood, even with normally exhibited emotions and impulses providing an area ripe 
with questions and tantalizing conundrums. 
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 Due to the inherit mystery of behavior, several conflicting hypotheses have been 
proposed by the scientists studying Toxoplasma gondii. It has been advocated that the 
manipulations of T. gondii is due to the formation of cysts within the brain as the parasite 
encases itself against the immune systems attacks, otherwise known as subtle tropism. In 
contrast, it has been suggested by Hodkova that a change in the host’s circulating 
testosterone is responsible for shifts in host behavior (Hodkova et al. 2007). Finally, the 
addition of dopamine to the host’s system from either the production by parasite or the 
parasites control of the host’s dopamine production is thought responsible for the reversal 
in behavior. Each hypothesis is possible and supported in some fashion, yet an 
overreaching hypothesis of how each one fits together or how one mechanistic pathway 
affects the other has not yet been proposed. The ultimate question that is being addressed 
here is which molecular or neural pathways are truly responsible, and to what extent, for 
the behavioral modifications of the host as opposed to side effects of the manipulations. 
 To accomplish a thorough investigation on T. gondii, the background structure, 
life cycle, and previous research done on the parasite has been undertaken to provide a 
background and general knowledge of how each hypotheses fits with the parasite’s 
physiology. In order to understand how T. gondii manipulates its host it is important to 
know the context in which the two relate. The exploration starts with how the parasite 
infiltrates its host and the interactions that take place between the two, parasite and host, 
during the transition from intruder to accepted entity. After the context and techniques 
employed by T. gondii have been thoroughly researched, each hypothesis will be studied 
individually. The scientific studies and experiments done for each will be compared for 
the amount of evidence for and against each individual proposed hypothesis and then 
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compared to the contextual life cycle of the parasite. In pursuing and researching these 
mechanistic questions, it is expected that an identifiable single pathway, strategy or the 
integration of several proposed pathways will be found that explain the interaction 
between the parasite T. gondii and its host. I have hypothesized that the parasite’s control 
of the dopaminergic pathway and general influence on this pathway is the main 
contributor to the parasite’s manipulating effects on the host. This research is expected to 
narrow the controversy found within the scientific community and provide a narrowed 
path for research to be conducted so that knowledge can truly start being built on this 
fascinating topic. 
 
Background and Significance 
The invasive parasite T. gondii infiltrates any warm blooded vertebrate as a host, 
though it can mostly be found within rodents and felines as they have a particular 
interaction that suits the reproductive strategy of T. gondii. Once the host is infected, 
several immense changes occur within the host as evolutionary relevant behavior is 
altered to suit the needs of the infecting parasite. There are two life cycles exhibited by T. 
gondii, an asexual one is the most common as it can take place in any warm blooded host 
and a sexual one in which the parasite replicates itself within the stomach of a feline. The 
start of the sexual life cycle lies within a feline’s stomach where the parasite reproduces 
and multiplies (see Figure 1). When the feline’s stomach is infected, the T. gondii 
transforms into sporozoites, a motile spore, which is then transferred throughout the body 
of the host. The next stage is the bradyzoites, the sporozoites encysted form, that infect 
the epithelial layer, cell layer that encompasses internal organs, in which the bradyzoites 
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start dividing into sexual different cells. These sexual differentiated cells form 
gametocytes, a cell that divides into gametes, and then fuse into an oocyst. These oocysts 
are then released from the feline into the environment from its feces. These oocysts are 
enduring spores that can survive outside the host for an extended amount of time. These 
oocysts are then picked up and subsequently infect a second host.  
 
Figure 1.  Summary of T. gondii life cycle. The right handed blue circle represents the sexual 
cycle. The left orange circle signifies the asexual cycle that can be found within the rodents and 
other warm blooded hosts (Lady of Hats, 2010).  
  
After reproducing within the feline the asexual cycle of T. gondii initiates, an 
asexual cycle may take place in any warm blooded vertebrate (see Figure 1). This asexual 
cycle within the rodent host can be used as a safe haven until the rodent expels the 
parasite for a feline to pick up, the cycle begin again. From the oocyst the sporozoites are 
freed again to start the new cycle and assault the tissue of its next host, these sporozoites 
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consequently invades and multiplies in any type of cell within its host as tachyzoites, 
motile cells that form cyst tissue. Gradually the parasite makes its way into the brain to 
form cysts as more and more tachyzoites multiply and are released into the body. The 
tachyzoites form the cysts as the infection moves from the acute, rapid onset, of 
Toxoplasmosis to the chronic, or long lasting, infection as the parasite slowly makes its 
way throughout the body to congregate within the brain.   
 Host transmission is the ultimate evolutionary goal for the parasite as it is through 
transmission is it possible for the parasite to locate a feline, reproduce, and ultimately 
transmit its genetic material into the next generation, providing evolutionary integrity. 
Infection is accomplished through assorted routes of transmission that allow for the 
parasite to come in contact with a new host and infect them through its resilient oocysts 
The oocyst double-layered wall is a vastly resistant barrier to physico-chemical stressors 
but at the same time allows for the parasite and particle interaction necessary for infection 
through the outer wall’s hydrophilic characteristics (Aurelien et al. 2011). The 
hydrophilic and recently discovered negative charge of the oocyst’s outer wall has been 
found to enable the contamination of waterways that intermingle with saltwater (Shapiro 
et al. 2009). Specific interplay between the environment and the wall are crucial for 
allowing both the resilience of the outer layer and disintegration of it within the stomach 
of the host. The oocysts allows for the parasite to survive environments outside of the 
host, allowing for multiple routes of transmission as hosts come into contact with the 




Oocysts can be ingested through contaminated water, food, or cat feces. Within a 
survey testing for different levels of infections, slaughterhouse workers and dairy workers 
were found to have the highest rate with a range of 45-24% found positive for the parasite 
(Zhou et al. 2011). Since these jobs are found to have a high rate of contact with animals 
with a traditionally lower or minimal performance standards and absence of inspections 
for T. gondii contaminated meat, there is a higher chance for an accidental ingestion and 
transfer of the parasite’s oocysts from contaminated meat (Zhou et al. 2011). In one 
sample from the meat stores of the United Kingdom there was a 38% reported infection 
of T. gondii within the meat (Webster 2007). In addition, T. gondii can be obtained 
through the transfusion of contaminated blood. In a study done in China, the people who 
participated and who has had a blood transfusion were found to have a positive rating of 
20.2% for the parasite (Zhou et al. 2011). Contamination was also found in the needles of 
intravenous drug users with a range of 17.3% to 21.8% (Zhou et al. 2011). Sharing 
needles not only transfers different viruses and diseases but also parasite oocysts. Finally, 
the fetus may be infected when the mother ingests T. gondii oocysts for the first time 
while she is pregnant as the outer wall of the oocyst is digested and the harmful 
tachyzoites  distribute themselves throughout the body, into the body’s bloodstreams and 
can cross the into the vulnerable fetus. This transfer is possible due to the connection 
between the bloodstreams of the mother that pass through the placenta into the fetus. This 
means that when the mother’s blood is contaminated for the first time there is no readied 
immune which allows the parasite time to infiltrate the fetus (Zhou et al. 2011). The risk 
to the fetus’s health is highest during the third trimester when brain neuronal 
development is crucial. Within China, the newborn seroprevalence of T. gondii has 
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ranged from 4.4-19.4%, and within children with ailments such as epilepsy or 
retinochoroiditis the seroprevalence is 20-26% (Zhou et al. 2011). In contrast, if the 
mother had been infected previously then the infection of the fetus is rare since the 
mother would have a readied immune response that would contain the infection before it 
infiltrated the placenta and harmed the fetus (Zhou et al. 2011). These different modes of 
transmission can be summarized within Figure 2, which shows the process of 
transmission from host to intermediate host.     
 
Figure 2. Modes of transmission of the parasite T. gondii: initial to intermediate hosts. 
Arrows show the path of infection, from one host to the next, till the feline stomach is reached 
and the parasite sexually reproduces. Listed underneath the arrows are the specific characteristics 
required for infection of that particular route. The boxes contain the contaminated element led to 




The resilience of the oocysts of T. gondii has led to the infection of nearly every 
country. T. gondii is a widespread parasite with over a third of the world’s population 
infected (Montoya and Liesenfeld 2004). The spread is possible due to the oocysts as 
they are able to survive in a number of environments; both terrestrial and aquatic for 
several months. This ability makes T. gondii prevalent throughout the world as it can 
infect the population from a number of infected areas. The more infested areas are 
usually areas with the least amount of sanitary actions and a higher rate of stray cat 
interaction. Within the Chinese population it has been shown that roughly 12.3% of the 
experimental group of 3000 was infected even though the cat rate of infection was 79.4% 
(Xiao et al. 2010). It is not a popular act to keep a pet in China, which would account for 
the low rate of comparative infection between the highly contagious cats (Xiao et al. 
2010).  Likewise, the United States was found to have an infection rate of 10.8% in a 
study which tested the presence of T. gondii antibodies in 17,672 samples (Jones et al. 
2007). In comparison, Brazil has a higher rate of infection. With a study conducted in the 
Bahia area, 58.2% of the 2,229 pregnant women tested were positive for the antibodies 
with those located in a lower income living situation to be more prone to infection 
(Reboucas et al. 2010). In short, nearly every country has shown some sort of infection 
rate, though the circumstance in which the population lives affects the rate and relative 
distribution within it. The general infection rate of a population or the distribution of T. 
gondii, aside from the specific country, also contains certain factors such as the rural or 
urban setting and gender. Within Qualyobia, Egypt, it was found that within pregnant 
women there was a relatively higher rate of rural infection with 57.6% versus the urban 
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infection rate of 46.5% (El-Gozamy et al.2009). Rural areas contain more domesticated 
animals, with a correlated interaction with the animals, most likely leading to the 
increased infection rate when compared to urban areas. Within urban areas the rate 
maybe within 10% of rural areas if the urban areas are places where there are more stray 
cats as there is more confined space, increasing contact within infected cats and 
possibility of infection. Animals have been reported to have an infection rate of up to 
50% in dogs and rabbits, 60% in rodents, and 70% in cats, deer, and bears, with a 50% 
higher infection rate found in domesticated animals (Webster 2007). In the human 
population, it was determined that there is a higher rate of infection of T. gondii in 
women than there is in men, 14.3% of the women within a study are infected compared to 
the 10.5% of men (Xiao et al. 2010). Women are traditionally more likely to take care of 
the animals and cooking as the men were more likely to work or go to war, leaving the 
women in charge of the household. The discrepancy may be closing as traditional roles 
are less likely to be so clearly defined, such as within the United States where both 
women and men work and have contact with the children. Though sex roles may account 
for the discrepancy found within the data as the cultural roles can still be seen in today’s 
society, especially in countries with more gender defined roles. 
 
Physical Alteration of Infected Host 
Transmission is only the start of the parasite’s journey inside its host. After 
infection and subsequent invasion of hosts cells and the brain, the parasite starts 
influencing and changing its host’s personality. Instead of avoiding areas of danger at all 
costs, the rodent seeks out dangerous areas, putting itself in mortal danger, but allowing 
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T. gondii to complete its sexual cycle within the feline’s intestines. The infected mice do 
not perform any precautions measures when exploring novel environments. They are 
more prone to move faster and explore more. Rats, in a colony of free ranging and 
laboratory hybrids, were injected with T. gondii and allowed to move freely in an arena 
as their competition for food and mates was documented. It was found that T. gondii did 
not affect behavior involving competition in either respect, and only increased the 
exploration of the environment (Berdoy et al. 1995). This result suggests that the effect of 
the parasite is controlled and limited to the alterations of traits, which might lead to the 
transfer of the parasite from the mouse to a feline predator, since mice have a highly 
selective force pressuring avoidance of areas that would expose the rat to predators and 
the detection of said predators.  
One of the adaptive characteristics a mouse has acquired is a keen sense of smell, 
specifically in the ability to detect predators. Within rodents there is a natural aversion, a 
deep seeded fear response, to cat urine in response to the predatory behavior exhibited by 
the felines toward the mice. Contact with felines or environmental cues are not even 
necessary for this reaction since mice that have been raised in laboratories with over 
hundred generations without contact with cats show the same strong abhorrence showing 
that the aversion has a genetic component (Berdoy et al. 2000). This genetic avoidance of 
hazardous smells is another trait that the parasite alters for its own benefit. When 23 rats 
were infected with 20 oocysts and compared to 32 control rats, it was found that there 
was a substantial difference in the behavior toward areas with signs of a feline presence; 
the non-infected rats avoided the area, while the infected rats were not affected by the 
smell of a cat (Berdoy et al. 2000). The two groups of rats were not different in their 
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responses to any other smell, showing the same preferred reaction to their own smell and 
neutral to that of a rabbit, suggesting that it was the parasite which altered the behavior 
and was not due to an impairment of their olfactory faculties (Berdoy et al. 2000).  
The amount of urine presented to an individual also plays a part in the reaction 
level that is presented by an infected individual, a gradient of behavioral responses. When 
doses of bobcat urine were exposed to control mice, there was still the same reaction of 
aversion expected of mice, but when the urine was exposed in varying quantities, there 
were different levels of reaction. For a 1 ml urine dosage there was the most abhorrence 
by the control and the greatest amount of occupancy by the infected mice, when 
compared to doses ranging from 0.5 ml to 2.5 ml (Vyas et al. 2007). This result shows 
that the response to urine is a continuum rather than a straight forward, all or nothing, 
response. Due to the peak response and discrepancy in the two groups was greatest within 
the intermediate level of bobcat urine it can be assumed that there is a balance between 
the costs and benefits for the parasite influencing such behavior (Vyas et al. 2007).  
A second factor in the level of behavioral change exhibited by the host lies in the 
sex of the infected individual. There are markedly different sex-dependent genetic 
expressions that are affected. For instance, T. gondii infected mice alter the expression 
levels of 124 gene transcripts in female mouse, and 153 transcripts in male mouse, with 
only 5 transcripts overlapping, including (Xiao et al. 2012). Overall, the limited overlap 
shows that T. gondii does not affect the same the genes, and likely takes different routes 
within the parasite’s host depending on the sex. T. gondii has been shown to affect genes 
due to the alterations of 124 gene transcripts, which modulate behaviors in female mice, 
such as place aversion, ultradian rhythm, a cycle that repeats all through the 24 hour day, 
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feeding, acoustic startle response, an involuntary reaction from sound, and mechanical 
allodynia, the sensation of pain from things moving against the skin (Xiao et al. 2012). In 
addition, the infection of a female by T. gondii damages the normal estrous cycle and as a 
consequence makes the female infertile (Xiao et al. 2012).  Male characteristics are 
affected in a much different fashion than the five specific behaviors altered in females; 
the genes altered in male mice are known to function in modulation of olfactory 
behaviors (Xiao et al. 2012).  This sexual bias can be observed in the behavior of infected 
mice. Females, when given a choice between the feline, bobcat,  and non-feline, mink, 
urine the females spend significantly more time with the feline odor as opposed to the 
males who showed no preference, even though the males have altered genes involving 
olfaction (Xiao et al. 2012). This sexual dissimilarity is an important distinction, since 
it’s the feline intestines that are the only reproductive region for T. gondii.  
Some traits that are shared amongst the sexes of infected mice include the 
alteration in their brain pathology and motor coordination (Gulinello et al. 2010). When 
30 infected mice with a chronic infection, encasement of parasite into cysts, T. gondii 
infected individuals were put through several sets of open field tests to test the 
exploratory behavior of a novel area, spatial memory and interaction of new objects and 
their placement, and motor coordination, movement across a balanced beam. It was found 
that their exploratory habits remained normal, yet their motor coordination decreased as 
the infected mice’s stride length decreased and their coordination on the balance beam 
decreased (Gulinello et al. 2010). This specific alteration in behavior further suggests that 
the infection only affects mechanisms within the brain that promote the probability of T. 
gondii’s reproductive success within a predatory feline.  
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To contrast the effect of the parasite on rodents, a human individual may also be 
infected and may exhibit characteristics similar to rodents. Depending on their immune 
system, the alterations within the brain may cause health problems. For instance, it was 
reported that in congenitally-infected children, T. gondii may cause mental retardation or 
vision loss (Gulinello et al. 2010). It is another matter for immune compromised 
individuals as they are more susceptible to T. gondii’s effects and alterations. The reason 
so many differences are found between infected humans versus rodents is most likely due 
to the fact that felines do not normally consume humans. This evolutionary disconnect 
does not give T. gondii the adequate selective pressure to customize its influential 
techniques to the human system, yet allows a similar infection pathway that causes 
similar symptoms. 
An instance of similar alteration in behavior within infected humans and rodents 
lies within the change of olfactory sensors. When 34 infected individuals were tested 
against 134 control subjects on opinions of different urine samples, including cat, horse, 
tiger, brown hyena, and dog urine, for their intensity and pleasantness it was found that 
the infected individuals rather than the control individuals rated the cat urine more 
pleasant than any of the others with intensity and pleasantness always being interrelated 
negatively (Jaroslav et al. 2011). Unlike the tested infected rodents, who had an effected 
bias towards the female infected individuals, the T. gondii infected men found the cat 
urine more pleasant than control subjects, the women who were infected with T. gondii 
found it less pleasant than the control female subjects (Jaroslav et al. 2011). Additional 
differences were found within the infected males and females’ testosterone as the males 
had a higher level, infected women were found to have lower levels of testosterone when 
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compared to their uninfected counterparts (Jaroslav et al. 2011). Human testosterone 
level is in direct contrast to the infected rodent’s testosterone level, in which both sexes 
had a decreased level of testosterone (Jaroslav et al. 2011).  
Infected human individuals portray an array of physiological changes, but 
infection usually does not lead to any symptoms. One reason that T. gondii is so prevalent 
within the human population is the lack of apparent symptoms to warn people. Without 
problematic symptoms the populace would not see the benefit of taking drugs, normally 
containing unpleasant side effects, to counteract the parasite. If symptoms are expressed 
they are usually only mild flu-like symptoms (Lafferty 2006). Limited symptoms are of 
course not the case with an infected fetus. When a fetus is infected it does not have a 
sufficient immune system to counteract the parasite’s attack. Some symptoms of infection 
include the occurrence of ocular and central nervous system disease as well as growth, 
hearing, and vision irregularities (Kaye 2011). 
Further testing found behavioral differences between T. gondii infected 
individuals. It was found that men exhibited less self-control, demonstrating this lack of 
control through the level of tidiness such as dirtier and older clothing or tendency to 
gamble, whereas infected females were rated to have a higher incidence of self-control 
showing a cleaner lifestyle when each group was compared to their control counterpart 
(Jaroslav et al. 2011). Behavioral differences are not only linked to self-control but in 
generosity. During experimental trust games, infected men were found to be less 
generous and infected women more so (Jaroslav et al. 2011). Furthermore, infected 
women have a higher intelligence, affectothymia, amount of warmth, attentiveness and 
ease with others, and conforming moralistic attitude (Lafferty 2006). While infected men 
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traditionally have a lower intelligence and novelty seeking behavior, both sexes exhibit 
higher amounts of insecurity, apprehension, and guilt (Lafferty 2006). The infectious 
behavior is consistent with many traditional characteristics that make up the traditional 
sex roles that have been exhibited by many cultures in which the mother is the caregiver 
and the father protector, such as females being traditionally grouped into jobs such as the 
caring, tender, and giving nurses and teachers.  
This modification of personality and behavior has some significant impacts on 
culture and society. Since the infection is common within the human society it is possible 
that the personality differences can be a driving force in shaping a community and 
defining roles within it. One infected individual with a changed personality has no 
statistical bias on a population, yet when the majority or a significant portion is infected 
with T. gondii the amount of infected people can set precedence or a model role for the 
rest of the population. Studies, such as the one conducted by Lafferty et al. 2005 have 
shown how the infected population has influenced society like this. More specifically the 
amount of aggregate neuroticism, sex roles, and uncertainty avoidance, the fear of 
unknown situations, that is correlated with infection rate, often leads to a greater rule 
oriented society within the population. Culture, the social identity of a population, can be 
quantified and measured through the cultural dimensions of individuals, sex roles, 
uncertainty avoidance, and class distinction. When data gathered on these parameters 
were compared with the published data on the seroprevalence of infected women, 
different economic discrepancies accounted for aggregate neuroticism was correlated 
with the infection rate (Lafferty 2006). What this correlation means is that countries with 
a higher individual rate of infected individuals also have an overall cultural rating of the 
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basic personality characteristics consistent with the amount of infected individuals 
supporting the belief that this infectious parasite alters cultures. Additionally, the western 
countries, Africa and Jamaica as opposed to Asian countries like China, that have a high 
T. gondii infection rate also have a higher degree of the masculine sex role, more of a 
drive towards acquiring materialistic possession than building relationships with others, 
and uncertainty avoidance (Lafferty 2006). 
 
Immune Response and Manifested Symptoms 
An individual’s immune system is crucial in the defense of foreign objects and 
pathogens. It is the system which detects the pathogens and applies the proper biological 
defense that allows for the containment of infection and elimination of the pathogen. In 
immoncompotent people the immune system detects the parasites and pressures the 
parasite into its more dormant state, transforming it from the virulent tachyzoites into a 
contained cyst. This transformation can be converted back if the immunity becomes 
weakened or the immune stressors leave. The differences between the two stages of T. 
gondii infection include the narrowing of the body as the nucleus moves down, the 
proteins and enzymes used in storage, and the penetration of cell structures increase, as 
shown in Figure 3 (Sullivan and Jeffers 2011). These changes help the parasite maintain 
nutrients, with the storage of starch, and save important penetration enzymes for 
reactivation. With the transformation and presence of a bradyzoite cyst, the parasite can 





Figure 3. The transformation differences between two stages of T. gondii, the virulent 
tachyzoite stage and bradyzoite. The two stages convert to one another with the addition or 
removal of stress, through the TgIFsα. pathway. TgIFsα is phosphoralyed with stress which 
permits stress reponse mRNAs. The morpholic changes associated with the conversion of a 
tachyzoite into a bradyzoite includes the nucleus moving down to the bottom of the cell, shown as 
the large blue circle. The micronemes, cellular organelle that discharges protiens, shown as little 
blue circles at the top of the cell are increased as well as the amylopectin granules, tan circles 
present in the bradyzoite and not the tachyzoite, used in storage of different starches. The 
rhoptreisan, an electron dense organele conainting enzymes used to penetrate cell structures, also 
increase within the bradyzoite. TZ is representative of tachyzoite-specific gene while BZ 
symbolizes the bradyzoite-specific genes. Depending on the stage either the TZ or BZ are histone 
acetylated which restructures chromatin for a better correlation between environment and gene 
expression (Sullivan and Jeffers 2011). 
 
There are several important normal responses to the infection that minimize the 
host’s bodily damage, which help in stressing the parasite into its less virulent form. One 
pivotal immune element is the CD8+ T cells, known to be cytotoxic or deadly to cells, 
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which target infected macrophages within the body (Sullivan and Jeffers 2011). Mice 
with BALB/c and CD8+T cells were shown to have less brain cysts and a higher ability 
to eliminate brain cysts through performing mediated activity, utilizing processes that 
interfere with cyst formation (Suzuki et al. 2010). The CD8+ T cells work synergistically, 
cooperatively, with the CD4+ T cells and together form IFN-c, another big cytokinetic 
part of the host’s immune response, which stimulates a tryptophan degrading enzyme that 
starves T. gondii, limiting the replications that can be undergone by T. gondii (Sullivan 
and Jeffers 2011). IFN-c has been shown to be a crucial defense because mice in which 
IFN-c was deleted died from the parasite instead of turning T. gondii into the bradyzoite 
cysts. Inversely the injection of IFN-c shielded the host from a lethal reaction to the 
parasite (Sullivan and Jeffers 2011).  
Additionally, silencing the NALP1 gene through RNA interference (RNAi), has 
been shown to be increase the development of T. gondii within human monocytic cells (a 
type of white blood cell) (Witola et al. 2011). NALP1 functions as cytosolic sensor and 
sense intracellular DNA that form different inflammasomes, which initiate the production 
of proinflammatory cytokines or regulatory cytokines that promote a controlled 
systematic inflammation of the body, such as interleukin-1β, IL-1β, and IL-18 (Witola et 
al. 2011). During infection or stress, the NALP1 protein is responsible to for 
accumulating an inflammasome complex containing apoptosis associated proteins that 
are used to fend off the invasion of infection (Witola et al. 2011). Loss of NALP1 
function and its apoptosis complex, T. gondii shows an increased growth rate within 
infected cells leaving them with a higher rate of disintegration and viability, and 
oppositely increased NALP1 activity produces pro-inflammatory cytokines leading to the 
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death of the parasite infected cells (Witola et al. 2011). In short, without NALP1 function, 
T. gondii would spread uncontrolled throughout the host’s body without a stressor 
pressuring it into its dormant state, leaving the host’s cells to die as they are taken over.  
Immunity related GTPases or IRG proteins are a large family of proteins that have 
a major influence mediation of the body’s response and resistance within the early stages 
of T. gondii infection. They function as cell-autonomous proteins that directly affect an 
individual’s infected cells. The body must have a minimum of 6 members from this 
family in order to properly resist the infection of the parasite due to the complex 
interactions between family members (Zhao et al. 2009). The IRG proteins assemble 
within the parasitophorous vacuole of the invading tachyzoites, created from the parasite 
invading and dragging along the host membrane, which resists acidification and 
phagosomal maturation, the gradual internal particle degradation (Denkers et al. 2004). 
IRG proteins then cause enough damage to disturb the vacuolar membrane, more virulent 
forms of T. gondii can counteract the massed IRG proteins most often resulting in the 
death of the host (Zhao et al. 2009). This interaction is one example of the careful 
balance between susceptibility of the host and virulence of the parasite in order for a 
mutually beneficial relationship. To contrast NALP1 and IRG proteins that directly fight 
T. gondii, when IL-10 was knockout within a litter of mice it was found that all died 
without an enhancement of parasite propagation. This level of death showed the IL-10 is 
an extremely important first defense protected by, CD4+ lymphocyte cells, which 
controls the over production of cytokines and immune response that ultimately kills the 
host (Gazzinelli et al. 1996).  
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At first T. gondii infiltrates in a stealthy manner, making as little change as 
possible to the membrane, cell proteins, and cytoskeleton as it infects cells from the 
intestinal epithelial cells out since the oocysts ingested it is the first area of the parasite 
can interact with the host’s cells as the hard membrane is digested. (Vallochi et al. 2008). 
In fact when infiltrating, the parasite chooses host cells in a specific phase, during the 
transformation from their G1 into the S phase. When two types of cells, Chinese hamster 
ovary cells and bovine kidney cells, were infected, T. gondii attaches to cells as they 
transformed from their G1 to S phase, the synthesis phase in which the DNA of the cell is 
replicated (Grimwood et al. 1996) and when the cell is most vulnerable to infection. Once 
within the cell T. gondii induces the surrounding cells to the same phase, allowing for 
further rapid and stealthy invasions (Lavine and Arrizalaga 2009). Yet stealth is only 
required for the initial acute infection. T. gondii can’t simply infiltrate and kill, there is 
more benefit in keeping the host alive in order to proliferate itself to another host. 
Therefore, rather than utilizing one strategy to stealthily infect the body it is within the 
interest of the parasite to insight an immune response that will stress it into its more 
dormant stage. Pathogens have been known to initiate the immune system or 
inflammation through the activation of its plasma protease system or secreting toxins, this 
immune initiation either damage cells to release degradation products or engage the 
immune response more directly (Vallochi et al. 2008).  T. gondii triggers protective 
cytokines and at the same time suppresses them to control their survival and the level of 
stress the parasite deals with, such protective cytokines are IFN-y and IL-12 (Vallochi et 
al. 2008). The balance of immunity power between the parasite and host is crucial as a 
sway in either direction results in the eradication of the parasite, extremely difficult due 
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to the resilient and enduring cysts that have penetrated deep within the host, or the host, 
by a more developed, more virulent strain of T. gondii.   
 Yet, not all victims of T. gondii have an established immune system. This lack 
creates a more potent infection with more harmful side effects. Without the normal host 
response or with an inherent susceptibility the host loses its ability to convert the harmful 
tachyzoites into the bradyzoites, leaving them to limitlessly replicate within the body. 
Limitless replication leads to the serious symptoms, additional diseases, and death found 
within immunocompromised infected individuals. This lack of an immune system is one 
of the reasons that fetal infection most often results in abortions or abnormalities, the 
fetus does not have the antiquate immune response to stop the spread of the tachyzoites. 
As a result infected infants can develop mental retardation, impaired vision, or 
convulsions from the time of infection into their later life (Denkers et al. 2004). In 
addition, AIDS infected individuals or those with naturally weak immunity also face 
increased symptoms and death. Their lack of response results in a high frequency of 
retinochoroiditis, inflammation of the retina from ocular infection, and Toxoplasmic 
encephalitis, inflammation of the brain (Sullivan and Jeffers 2011). The infection of the 
reactivated parasite from the bradyzoites cysts, found throughout the body, can be seen in 
the brain CT scan of an immunocompromised individual, exemplified within Figure 4. 
This figure demonstrates the ring enhanced lesion enclosed with edema, an excess of 
fluid within the tissue. The reactivation can even cause a focal lesion within the central 
nervous system from the uncontrolled replication of tachyzoites (Denkers et al. 2004). It 
is also crucial to maintain a level of defense against T. gondii since reactivation within 
immunocompromised individuals usually occurs when the CD4+ T cells drop below 100-
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200 cells per mm3 (Sullivan and Jeffers 2011). The crucial balance of immune response 
is subpar in AIDS patients as reactivation is usually around 25% (Denkers et al. 2004).  
 
Figure. 4. Brain CT scan of reactivated T. gondii infection in an 
immunocompromised human. The image is of the dorsal portion of an individual’s head in 
which the white circles on the right hemisphere are the encapsulated parasites, the cysts. The 
edema of the cyst can be seen through the white outline (Denkers et al. 2004). 
 
 Though physiologically the infected individual portrays an array of changes to 
their physiology, there are usually no apparent symptoms. Due to this asymptomatic 
infection T. gondii infected individuals do not realize they have a parasite leading to its 
prevalence within the human population. Without problematic symptoms, the populace 
does not see the benefit of taking drugs, normally containing unpleasant side effects, to 
counteract the parasite. If symptoms are expressed, within immune competent 
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individuals, they are usually only mild flu-like symptoms that do not justify the search for 
a parasite within most people (Lafferty 2006). It is another matter for the immune 
compromised individual. One disease that has a prevalence of 6-20% of 
immunocompetent infected individuals is retinochoroiditis, the inflammation of the 
individual’s retina and choroid (Vallochi et al. 2008). With an infected fetus or immune 
incompetent individuals who lack the defense to alter the virulent tachyzoites, resulting in 
more deathly symptoms. These individuals may contract fatal acute Toxoplasmic 
encephalitis from a reactivation of the cysts or uncontrolled proliferation of the parasite 
(Chew et al. 2012). Encephalitis or cerebral toxoplasmosis is the inflammation of the 
brain in which one side of the body has numbness or is weaker, the individual exhibits 
mood or a personality change, faces visual disturbances with muscles spasms. This stage 
of infiltration usually results in death of the host (Chew et al. 2012).  
The behavioral alterations seen as a consequence of T. gondii infection have been 
known to shape mental illness diagnoses as infected individuals are more prone to certain 
illnesses such as schizophrenia and bipolar disorder. The behavioral disorders are usually 
shown during the latent or cyst stage of the infection within the immunocompetent. The 
mechanism proposed underlying the different personality changes exhibited is the lack of 
a sufficient immune response within the brain, the responses that alter the cytokine levels 
and in turn increase the local dopamine level, to encapsulate T. gondii to its dormant state 
(Skallova et al. 2005). Schizophrenia can be classified as a mental disorder in which the 
members exhibit positive, negative, and cognitive symptoms. The positive symptoms are 
changes that are in addition to the individual’s innate character and quirks. These include 
the manifestations of hallucinations, and delusions. Opposing these manifestations are the 
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negative symptoms which present themselves as the deficit of a normal character traits. 
Usually individuals present situation with a wide variety of emotions, empathy, and 
proper social considerations. Within schizophrenic individuals these responses are 
lacking. The cognitive symptoms encompass the disorganized thoughts and difficulties 
with concentration, memory, and task completion that become apparent within the mind. 
In contrast a bipolar disorder individual will fluctuate between periods of mania and 
depression. The elevated manic episodes in which they have an exaggerated amount of 
energy, confidence, and rash impulses, usually with a lot fast talking. As a direct contrast 
the depressive episodes features low energy, self-esteem, and concentration. It is during 
this phase in which the individual either does not sleep or over sleeps, or exhibits suicidal 
thoughts due to the increase in lonely, sad, and helpless feelings.     
Suicide has been a major source of death, accounting for at least 34,598 deaths 
within the U.S. during the year 2007, usually as a result of mental illness (Okusaga et al. 
2011). In a recent study, seropositivity of T. gondii has been linked to suicide, highly 
correlated through blood work, with the highest relationship found in postmenopausal 
women ages 60-74 (Ling et al. 2011). Correlation of age with a higher frequency of 
infection rate makes sense, because with time there are more opportunities to come into 
contact with T. gondii leading to a higher rate with age. Schizophrenic patients usually 
have a higher lifetime suicide rate, usually between 4-5% of diagnosed individuals, when 
950 individual patients were also tested for a correlation between infections of T. gondii 
and suicide rate it was found to have a positive correlation historically for individuals 
under the age of 38 (Okusaga et al. 2011). This correlation can be found in a great many 
other mental illnesses such as bipolar disorder which has a strong correlation with T. 
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gondii seroprevalence, which was found with a 95% confidence against controls within 
Ethiopia (Tedla et al. 2011). 
There is a high genetic correlation in schizophrenia, with twin studies showing a 
concordance of 50-60% (Brown 2011). A twin study is the comparison of the disorder 
between monozygotic, identical twins that carry the same set of genes, and dizygotic, 
fraternal twins which only share 50% of their genes, twins. Since the disorder of 
schizophrenia only has a genetic concordance of 50% there are environmental influences 
that still shape the acquisition of the disorder. One of the environmental influences has 
been shown to be T. gondii as in utero exposure to the parasite has shown an increased 
rate or risk of schizophrenia (Brown 2011). Within the regular population, the 
seroprevalence of T. gondii was found to be higher within schizophrenic individuals than 
the controls with a 95% certainty (Tedla et al. 2011, Aria et al. 2012). This correlation 
was shown through the higher amount of antibodies for T. gondii within schizophrenic 
patients compared to the controlled groups (Yolken 2009). Within a cohort study of 
45,609 women, mothers that were ranked according to their IgG antibody level infected 
with T. gondii, had a higher rate than with developing schizophrenia (Pedersen et al. 
2011). The pattern of correlation can even be seen when seroprevalent is low, such as 
within a small Mexican population which showed a high correlation of T. gondii with 
patients that clean cat feces and those with simple schizophrenia, rather than paranoid 
(Alvarado-Esquivel et al. 2011). On isolated islands without felines there are even fewer 
incidences of schizophrenia, showing a negative correlation of which the reverse 
relationship does not exist, on the remote island of Papua New Guinea there are no 
domesticated cats and few large felines the T. gondii infection rate has been reported to 
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be less than 2% (Yolken 2009). The correlation between schizophrenia and toxoplasma 
infected individuals deepens as both are known to have correlated symptoms, 
epidemiologically, and drug effects (Yolken 2009). The epidemiologically, distribution of 
parasites or diseases, relationships are similar in that both schizophrenia and T. gondii 
affects the individual’s neurons and glia within many different areas of the brain, with T. 
gondii most likely utilizing the same neurotransmitter pathway as schizophrenia (Yolken 
2009). The difference between these two, schizophrenia and T. gondii, lies in the subtle 
way that schizophrenia creates symptoms, through only the alteration of the dopamine 
pathway, while T. gondii directly effects the host, immunosuppressed, to cause severe 
damage such as encephalitis. An example of associated symptoms or confusion between 
the parasite and the mental disorder, within a recent study there has been evidence found 
which suggests the odor-specific differences or deficits shown within schizophrenia 
patients could have been caused by the influx of infected individuals within a population 
rather than the actual disease (Jaraslav et al. 2011). 
 Although most of the infected population does not show signs of infection besides 
small personality changes there are still drugs available for the treatment of the parasite, 
though there has yet be one developed that completely eradicates the cysts and long term 
persistence of the parasite (Sullivan and Jeffers 2011). Commonly a combination of 
pyrimethamine, sulfadiazine, and folinic acid is used, yet this drug treatment has a great 
many side effects (Montoya et al. 2004). Sulfadiazine is particularly used for acute 
toxoplasmosis, and has been shown to increase resistence to T. gondii as exemplified in 
10 mice who were treated with the drug and then given a chronic infection, only to 
develop no noticeable symptoms or changes in serotonin levels (Yolken 2009).  
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The ability for the drug to differentiate the tachyzoites into bradyzoites is a 
fundamental issue that distinguishes which drugs can truly help the immune deficit 
individuals against the parasite and the diseases occurring in its presence. The tachyzoites 
invade cells before replicating; creating a window in which drugs can stop the spread of 
the parasite’s tachyzoites by inhibiting the parasite’s mode of cell invasion by blocking 
calcium-gated ion channels (Pezzella et al. 1997). This block alters the attachment that T. 
gondii has on the host cell receptors before the tachyzoites completely take over the host 
cell and differentiate into a more dormant state (Pezzella et al. 1997). Ciprofloxacin, 
commonly used against bacterial infections, has been shown to be superior to the regular 
sulfadizine treatment and most effective in hindering the progress of the parasite when 
this difference was taken into account. Ciprofloxacin hindered T. gondii’s ability to 
replicate its plastid DNA by 22%, with two days of treatment (Zhao et al. 2010). 
Additionally, when mice were treated with Enrofloxacin (like ciprofloxacin a 
fluoroquinolone used as an antibiotic) there was a marked improvement within the brain 
than when compared to sulfadiazine. It reduces the infection through the minimizing of 
plagues within cells, the parasite’s proliferation intracellularlly, and immune response 
alterations within the corpus callosum (Barbosa et al. 2012). Though complete 
annihilation cannot be done, drugs show that a reversal of the effects brought on by T. 
gondii is possible suggesting that the damages are not permanent and that the behavioral 
changes could be altered once the particular mechanism of alteration is known.    
What is already established is the relationship between schizophrenic medication 
and T. gondii infection can be seen when cell cultures of the parasite are applied with the 
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drugs, since the T. gondii tachyzoites are hindered in their mechanistic requirement of 
replication (Webster et al. 2006). Furthermore, the medications show a marked 
improvement within the host’s behavioral changes. Between the commonly used T. 
gondii medication, trimethroprim, and schizophrenic antipsychotics, metabolites, and 
mood stabilizers there was the same effectiveness in combating T. gondii infection 
symptoms except for Haloperidol, an antipsychotic used to treat schizophrenia, which 
had an elevated reaction (Yolken 2009). Haloperidol was also shown to be a successful 
behavioral medication in a study, along with the schizophrenic mood stabilizer valproic, 
when drugged mice reverted from a feline-seeking to a feline-avoidance behavior when 
faced with a cat inhabited area (Webster et al. 2006). 
 
Mechanistic Hypotheses: How host behaviors are altered 
 T. gondii is a parasite that changes its host. It can reverse an innate abhorrence of 
cat urine in rodents to an attraction as well as limits the rodent’s reactions to novel 
environments and their mobility within that environment. For infected humans there is a 
higher rate of detrimental symptoms such as mental illness within infected children, 
encephalitis within immune compromised individuals, and changes in personality within 
infected individuals that may define cultural roles. This change in behavior and 
personality has been hypothesized to be incorporated within the parasite’s infiltration of 
the body to further proliferate itself by increasing its chances of coming in to contact 
further hosts, especially felines since it can sexual reproduce it their gut. One mechanism 
that has been postulated to control this switch in behavior is subtle tropism, the presence 
and interaction of cysts within certain parts of the brain such as the amygdala, an area 
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that is associated with fear and anxiety, more than any other region. Cysts are the latent 
stage of infection that contains the less virulent bradyzoite form of the parasite and can be 
found almost exclusively in neurons (Melzer et al. 2010). These forms are less virulent as 
they do not illicit an immune response, unlike the tachyzoites, since they have a thick 
wall that is made up of an electron dense material and tubular structures that branch 
throughout the wall, though the walls occasionally ruptures as T. gondii reverts back to 
tachyzoites in immune deficit individuals (Melzer et al. 2010).  
Some support for this hypothesis can be found when testing for the precise 
manipulation of fear behavior. A recent study performed experiments to test the 
preciseness of the parasites manipulations on the mice’s fear, whether the shift in fear 
was specifically targeted or whether the disruption of normal fear behavior was random 
(Vyas et al. 2007). Through the testing of infected and normal groups of rodents to 
various fear stimuli (e.g. foot shocks, cat urine, and Morris water maze), it was found that 
the fear and anxiety was changed specifically in relation to felines rather than as a general 
trend in response to fearful situations. This supports that it is the parasite which controls 
the behavior of its host. The second part of this experiment measured the density of the 
cysts within the mice through bioluminescence signals that emanated from the parasite, 
focusing specifically not only on the amygdala, but the hippocampus since they are each 
utilized in mediating fear responses to predators. The movement of the parasite can be 
seen in Figure 5 as the luminescent signals, shown in blue and green, radiate from the 
parasite after an in vivo injection of bioluminescence, luciferin, exposed to photon influx 




Figure 5. Lumuninescent signals of the T. gondii infection post-infection over a month. 
Acute infection is represented on the left hand side, considered from initial infection until the 
parasite is transformed into cysts, with chronic infection on the left, after the transformation into 
cysts. The days can be seen at the top of the black boxes with the scale of photon flux that is 
emanated by the bioluminescence in the parasite can be seen to the right with red representing the 
highest and blue the lowest amount signal. (Vyas et al. 2007). 
 
The density of the cysts of these amygdala structures were compared to those 
areas that do not respond defensively to predators and found the amygdala structures had 
a higher density, 0.16 cysts per cubic millimeter, compared to 0.06 cysts per millimeter of 
the non-amygdala structures (Vyas et al. 2007). The density found within the amygdala 
suggests that the cysts specifically cluster within the amygdale to affect the behaviors the 
brain areas control. 
 However, there are several other studies which take the analysis of subtle tropism 
a step further and found no correlation or support for this hypothesis. For instance, when 
mice were infected orally with cysts which were allowed to infect and distribute 
themselves for 18 weeks before the mice were killed and the brains analyzed 
(Berenreiterova et al. 2011). It was found that the cysts were distributed in all areas of the 
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brain, the same result that was found within Vyas’ study, yet unlike the study they found 
no correlation with a particular brain region, with cysts ranging from 297-1380 cysts in 
an area and in groups extending from just 2 to 10, though 80% were found to be solitary 
and 12%in pairs (Berenreiterova et al. 2011). Different grouping of cysts and there 
relative distance can be found within Figure 6 that exemplifies solitary, paired, and triad 
(Berenreiterova et al. 2011). 
 
Figure 6. Cyst distributions within cerebellum cortex. Panel A shows paired cysts, panel B 
shows a solitary cyst, and panel C shows a triad of cysts (Berenreiterova et al. 2011). 
 
  A significant preference for an area of the brain could not be found most likely 
due to the amount of cysts of T. gondii that orientated singularly rather than grouping in a 
particular area. The cysts were not even found to be distributed in any consistent 
lateralization even though the cysts were distributed throughout the brain and selective 
tropism of the parasite toward a particular functional system was not observed with 
significance, and were completely absent from the hypothalamic defense area, even 
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though there was a higher infection rate within the hippocampus and amygdala and lower 
rate in the cerebellum, responsible for motor control (Berenreiterova et al. 2011). Though 
the highest rate was found in the telencephalon, such as the cerebral cortex which is in 
charge of intelligence and personality, a part that takes up 56% of the brain yet contains 
75% of the cysts found within the brain (Berenreiterova et al. 2011). These results show 
support for the subtle tropism hypothesis as the cysts can be found within the amygdala 
and hippocampus yet takes it a step further to measure individual cysts and group sizes. 
There was no evidence found in subtle tropism even when acute infection was 
compared to chronic infection. The distribution of cysts in 10-12 week old mice were 
tested in 3 weeks following the infection, acute infection, and 6 weeks, chronic infection, 
it was also found that, although there were cysts in the hippocampus and amygdala, there 
was no significant pattern found within these brain regions that would distinguish them 
from other brain regions (Gatkowska et al. 2012). This signifies that the distribution of 
cysts does not change with time. There was even no significant support found to explain 
the motor difference within infected mice through cyst distribution (Hay et al. 1983).  
It is important to keep in mind that even though the distribution does not show 
any significant grouping in a particular part of the brain the distribution is not random. 
Combinations of cyst placement within several regions of the brain change the fear 
response of the host, one factor that adds support to the subtle tropic hypothesis. When 
infected mice were tested, these mice still showed a higher faster exploratory compulsion 
of novel environment with a distribution over seven brain areas known to control anxiety, 
learning, movement, sensory processing, and defensive responses with no discernible 
pattern (Afonso et al. 2012). This study does not support the hypothesis of cyst 
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interaction on fear and anxiety sections since this study also found no prevailing amount 
of cysts in the amygdalar structures (Afonso et al. 2012). This means that there may be a 
more intricate pattern of cyst interaction that may support the subtle tropism hypothesis 
in the future since there is a non-random pattern to the cysts.   
 When different studies are compared it can be deduced that the subtle tropism 
hypothesis does not have enough evidence to support it as the mechanism behind the 
behavioral changes within the host. The most important behavioral change is the 
alteration of the host’s fear response, a very specific alteration in response which does not 
affect the response to any other animal or basic anxiety level besides feline. Though a 
couple studies found a higher density of cysts with amygdale structures there is not a 
consistent pattern throughout all studies that tested this effect. The distribution of cysts 
within the host’s brain changes with each study. There was also no change in cyst 
distribution did with time and infection length, showing that the inconsistencies in cyst 
distribution are not a result of infection length. Cysts were also found to mainly form 
solitarily rather than in groups signifying that cysts do not group to increase their effect 
on a specific region or congregate in an area that is particularly important for T. gondii’s 
survial. Even the secondary behavioral responses were not supported as cysts did not 
infest areas of the brain which would affect the different motor responses of infected 
individuals, such as rapid exploration of new environments. Of course the cyst 
distribution was found not to be random and may support a more complex interaction of 
cyst presence influencing behavior, or it may signify a specific nutrient or other important 
variable that helps support the parasite’s existence within the body. Though the evidence 
suggests that the subtle tropism hypothesis is false it would be beneficial to remove cysts 
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and measure the behavioral changes within the mouse. Even without this study it can be 
concluded that subtle tropism is highly unlikely to affect behavioral changes in a 
significant way. 
 The development of cysts and their presence in certain areas was thought the cause 
of behavioral alterations yet not enough evidence supports this. What cysts may do is 
provide an area for the parasite to produce dopamine. Since dopamine has been found to 
be implicated as the decisive element in behavioral changes of infected rodents as it is an 
imperative neurotransmitter that has be associated with a great many characteristics 
(Prandovszky et al. 2011).  Characteristics that are influenced by dopamine production 
include learning, reinforcement of behavior as it is a part of the reward system in the 
brain. It is due to this neurotransmitter’s influence on the brain and behavior that is 
thought a key element in the behavioral modification of the parasite T. gondii. It has been 
theorized that T. gondii increases the dopamine within its host in order to manipulate the 
fear response.  Generally the dopamine level of the chronically infected individuals is 
114% higher than the non-infected controls (Stibbs 1985). Alternatively it has been found 
that the dopamine level increases up to 350% (Prandovsky et al. 2011). 
  Behaviors dependent on dopamine level also include novelty seeking and it has 
been shown that T. gondii infected individuals are associated at the lower end of the 
novelty seeking spectrum as shown in a study featuring the blood samples of 205 men 
and 85 women (Skallova 2005). This decrease in novelty seeking was also found in an 
additional study which also featured T. gondii infected individuals showing a lower score 
in impulsiveness, extravagance, and disorderliness (Flegr et al. 2003). This is consistent 
with the hypothesis on the parasite’s control of its host’s dopamine level as dopamine 
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level is inversely related to novelty seeking.  
 Behaviors exhibited by T. gondii infected individuals have been correlated with 
schizophrenic individuals. The link between schizophrenia and T. gondii is highly 
interconnected, as both have been associated with similar symptoms, mood stabilizing 
medication, and high rate of correlation between the higher seroprevalence of T. gondii 
and higher diagnosis of schizophrenia. The same dopamine link exists between both T. 
gondii infected individuals and schizophrenic patients, as schizophrenia have been known 
to disrupt neurotransmitters such as dopamine, glutamate, and GABA (Yolken et al. 
2009).  Additionally, medications used to treat schizophrenia can be used to balance the 
dopamine within schizophrenic patients is the same medication that works to treat the 
parasite T. gondii. For instance Haloperidol, an anti-psychotic, and Valproic acid, mood 
stabilizing drug, both used to treat schizophrenia are also drugs that inhibit the 
development of behavioral changes within the host (Prandosky et al. 2011). Behavioral 
control through the same drugs shows a great deal of support that the dopamine 
manipulation is the underlying culprit for the parasite’s hold over its host.  
When given a dopamine reuptake inhibitor, which increases the level of dopamine 
within the brain by keeping the produced dopamine within the brain rather than letting 
the produced dopamine be absorbed back into the system, infected mice had an alteration 
in behavior (Yolken et al. 2009). With the alteration of behavior shows a relationship 
between the dopaminergic pathways and behavioral control of the parasite. The selective 
dopamine uptake inhibitor, GBR 12909, was tested for its relationship to T. gondii. 
Selective dopamine uptake inhibitors, specifically GBR 12909, bind to dopamine 
transporters. The dopamine transporters are in charge of the regulation of the dopamine 
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level. The effect of T. gondii on GBR 12909 is crucial to understanding the mechanism 
behind dopamine control, due to its influence in dopamine level, as cysts could 
alternatively affect the host’s dopaminergic neuromodulatory system in to increase the 
host’s dopamine.  To test the effect of this inhibitor the infected individuals were given 
the hole-board test, 16 symmetrical holes on the floor. It was found that infected mice 
sniffed fewer holes, showing a correlation between GBR 12909 and lowered exploration 
rate (Skallova et al. 2006). This suppression of hole-boarding exploration is opposition to 
the increased exploratory of novel environments found in other studies and was addressed 
within the study. They found that the opposite exploratory behavior could be caused by 
an impairment of the dopamine pathway or the increase in locomotion due to the 
temporary increase of dopamine in the limbic system, an area controlling locomotion, and 
the lowered dopamine level of the prefrontal cortex, an area of the brain associated with 
exploratory behavior (Skallova et al. 2006). The previous studies may have measured the 
initial change in brain chemistry.  
An additional pathway that may allow for the control of host dopamine activity is 
the enzyme tyrosine hydroxylase. This enzyme produces L-DOPA, the precursor of 
dopamine, from metabolizing the amino acids, phynylalanine and tyrosine. Within T. 
gondii’s genome two genes have been discovered that encodes for tyrosine hydroxylase, 
TgAaaH1 and TgAaaH2 (Gaskell et al. 2009). These genes are extremely similar as they 
have the same introns, nucleotide sequences that are removed by RNAs to give the final 
gene, and were found 450 base pairs apart on chromosome 5 (Gaskell et al. 2009). The 
two genes are not only similar to each other but their production of tyrosine hydroxylase 
is 53% similar to the mammalian host’s enzyme, diverging in the signal sequence that 
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permits the parasite’s enzyme to travel to an organelle and emitted from T. gondii  
(Prandovsky et al. 2011). Yet only TgAaaH1 is constantly expressed while the gene 
TgAaaH2 is only activated at the formation of cysts, increasing ten-fold while TgAaH1 
stays at a constant level of activity for the life of T. gondii, showing dopamine may be an 
important factor for the different stages of the parasite’s life cycle (Gaskell et al. 2009).  
 Within an additional study the authors found that dopaminergic neurons in rodents 
infected with T. gondii released higher levels of dopamine as shown by immunostaining 
of brain sections, the parasite within these dopaminergic neurons were found to be 
severally stained. This suggests that the parasite not only produces dopamine, but it also 
increases the dopamine metabolism of the host’s dopaminergic neurons. Thus, although 
there is support for the dopamine production hypothesis, this study did not answer how 
the parasite alters the dopaminergic pathway in these neurons (Prandovsky et al. 2011). 
When dopamine activity is correlated with the amount of T. gondii cells within a host 
there was a direct correlation found. The infected dopaminergic cells were shown to have 
a 350% increase in K+ induced dopamine release, compared to control cells, when cells 
were measured for an initial dopamine level and then infected with T. gondii  and 
measured again (Prandovsky et al. 2011). There direct relation to the amount of infected 
cells and the amount of dopamine produced (Prandovsky et al. 2011). The location of the 
dopamine production was then localized through the staining of different brain sections. 
When brain sections of the infected mouse were stained with dopamine antibodies, to 
show the level of dopaminergic activity, there was a severe concentration of stain on the 
cyst’s periphery (Prandovsky et al. 2011). This is important since the production of 
dopamine was not centralized within the cyst, showing that it was not being utilized by T. 
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gondii’s internal function but released into the host’s body. These results show a direct 
correlation for the control T. gondii has on the host’s dopamine levels.  As the encysted 
parasite can raise the level of dopamine this shows extreme support for dopamine as the 
key mechanistic element in host control. In support of the previous study tyrosine 
hydroxylase, the enzyme used in the production of L-DOPA, was also found within the 
cysts’ intercellular tissues with a similar pattern when stained (Prandovsky et al. 2011).  
With every hypothesis there are problems and unanswered questions, even with a 
great deal of proof to show support for it. The hypothesis tested was whether the parasite 
T. gondii alters its host behavior through the increase of dopamine. The studies presented 
that the cysts produced the additional dopamine within the system yet a contradiction to 
the hypothesis is the cyst locality. The distribution of cysts was not found to localize 
themselves within areas that contain dopaminergic neurons, though they were distributed 
close to them, and so structures that contain dopaminergic neurons, such as the 
hypothalamic, have been shown to consistently to lack T. gondii (Berenreiterova 2011). It 
is plausible that the parasite secretes a molecule that increases dopamine production by 
acting directly on the dopaminergic pathway, through the dopamine produced by the 
cysts. Blocking dopamine production using known inhibitors alters behavior or 
symptoms of infected individuals so the dopamine is still being utilized as a behavioral 
catalyst, yet it is unknown why the parasite does not produce cysts where it would be 
easier to influence the dopamine within the host. Since dopamine is a universal 
neurotransmitter the behavioral differences associated between the sexes cannot be 
explained, though there is no preferential sex which the parasite infects this might be 
explained through the difference in testosterone level. The studies also mentioned 
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behavioral changes associated with medication and dopamine inhibitors yet does not 
specify which behaviors are altered. Since the crucial behavioral change is the fear of 
felines it would be beneficial for the clarification of whether this behavior was changed. 
In short, although these experiments provided insights into the mechanisms of how T. 
gondii may alter behavior, it provides additional questions that have not been answered 
yet. 
A competing hypothesis for the mechanism behind behavioral changes 
exhibited by hosts is the testosterone circulating hypothesis. The hypothesis states 
that within this hypothesis that the addition and alteration of the body’s circulating 
testosterone is the culprit that manipulates behavior. Testosterone has been known 
to influence behaviors such as aggression and risk taking (van Anders et al. 2012, 
and Montoya et al. 2012). It is responsible for developing different physiology in 
males, such as jaw definition and height (Hodkova et al. 2007).  It has been found 
that within T. gondii infected human males there is a general trend toward taller 
individuals with a consistently higher disposition for dominance and masculinity, 
suggesting that a correlation between behavior and an increase in a postnatal sex 
steroid such as testosterone (Hodkova et al. 2007). Within the study, researchers 
showed pictures of infected and normal human males in comparison to human 
females to gain their results, showing that testosterone level can be visibly detected 
(Hodkova et al. 2007). Generally, men that are infected in T. gondii they are taller 
(Flegr et al. 2005). Aggressive behavior can be seen within infected individuals as 
they are 2.65 times more likely to be involved in traffic accidents, most with a T. 
gondii antibody count at 24.3% (Flegr 2007). Similarly, if T. gondii infected males 
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are given personality tests, such as the Cattell’s 16 personality factor questionnaire 
or Cloninger’s Temperament and Character Inventory personality test, the tested 
males showed a lower tendency to disregard rules, be more jealous, and dogmatic 
(Flegr 2007). The correlation between personality change, infection, and 
testosterone level shows support for the effects that T. gondii  has on culture, how 
there are more defined sex roles and dominating men.  
Women were seen to have the opposite effect, as they appeared more extroverted, 
persistent, and warm (Flegr 2007). Though both sexes showed a rise in apprehension, the 
sexual difference seen within infection, such as the tendency for women to detect and 
enjoy the smell of cat urine, can be seen when testosterone is taken into account. Men 
have a higher concentration while women are known to have a lower concentration of 
testosterone when compared to their non-infected, control counterparts (Flegr et al.  
2008). This change in testosterone level may account for the difference within behaviors 
exhibited by the sexes. The sexual discrepancies range further as the effect of the sex 
hormone causes differing mortality rates. The susceptibility of T. gondii infected mice 
was tested for mortality rate and it was discovered that males generally lived longer than 
females, with less tachyzoites found within the body (Liesenfeld et al. 2001). When 
females were treated with injections of testosterone the number of tachyzoites and its 
virulence decreased (Liesenfeld et al. 2001). This study demonstrates the importance of 
testosterone level and how the disruption of it could affect the host’s susceptibility to 
influence of the parasite. This sexual distinction is important support for the hypothesis 
since dopamine is generally consistent between the sexes, yet testosterone level differs 
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from birth. The different interactions of testosterone could support the uniquely female 
behavioral symptoms.  
Though studies have shown that there is a difference between infected individuals 
and their control counterparts there has yet to be a study which proves or supports 
testosterone as the mechanism for the behavioral changes seen within the host. T. 
gondii’s effect on testosterone has been shown to be different in males and females, 
accounting for the sexual discrepancies in behavior, yet there are studies which contradict 
the logic of this argument. Female mice have been shown to have a greater rate of 
virulent tachyzoites with a faster death rate, yet high levels of steroid hormones, such as 
testosterone, have been known to incite a lower immune response (Flegr 2007). Since the 
infected males have a higher than average testosterone level would make sense that they 
would contain more tachyzoites since the immune system would not pressure the 
formation of cysts. The hypothesis is also not supported in the consistency of testosterone 
level altered by T. gondii. The hypothesis states that it is the increased amount of 
testosterone within the host’s body which is responsible for the changes. The hypothesis 
could be altered to include the lowering of female testosterone but it is unnecessary due 
to the inconsistent nature of the testosterone levels, male hosts that do not fit into this 
trend and show a decrease in testosterone level (Khaki 2011, Oktenli et al. 2004). In fact 
an outbreak of a male boarding school indicates that there is a general lowering of 
testosterone with the increase in antibodies, consistent with the immune response of 
infected individuals (Oktenli et al. 2004). The decrease in testosterone would not account 
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for the lack of fear exhibited by hosts, the fast exploration of novel environments, crucial 
for T. gondii’s transmission as the host has a higher chance of contact with predator. 
 There are further inconsistencies as no study has featured the actual change in 
testosterone level, testosterone level before infection in contrast to the level it changes to. 
The parasite may infect individuals that are naturally higher in testosterone; they may be 
more susceptible or more easily infected. It was found that infected men are generally 
taller, yet this phenotypic characteristic develops at a young age from a higher pre-natal 
testosterone levels (Flegr et al. 2005). The most common mode of transmission is the 
ingestion of the oocysts, in which the probability of ingestion rises with each year. The 
probability is very low that the correlation between height and infection is the result of 
parasite influence, giving support that T. gondii may preferentially infect high 
testosterone individuals due to their lowered immune response. They has also been no 
evidence to suggest that the cysts produce or alter the testosterone level, further 
disproving the probability that T. gondii changes its host’s testosterone level. With so 
many studies showing discrepancies within the hypothesis and little proof found that 
specifically singles out testosterone as the behavioral modifier to explain all of the 
specific behavioral changes exhibited by the host, and testosterone is most likely a side 
effect that further enhances the lack of fear and exploratory behavior that is the result of 
another mechanism or a trait that creates a susceptibility to parasite infection.  
 
Conclusion 
In reviewing the studies and support shown for each hypothesis, subtle tropism, 
manipulation of dopamine, and circulating testosterone, the most logical mechanism that 
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alters the host’s fear response is the dopamine pathway. The circulating testosterone 
hypothesis is not supported. Increased testosterone increases aggression and T. gondii 
infected males did show and increase in both as they were more likely to be in traffic 
accidents. Additionally, they exhibited more dogmatic ways, and were less inclined to 
break rules. These combined traits account for the cultural roles usually seen in 
correlation with seroprevalence of T. gondii. Yet it does not explain the alteration in fear 
response as it is extremely specific, fear only altered in response to felines, it can only 
explain a change in aggression, increase the bravery in a general pattern since the 
testosterone level circulates freely throughout the body with no specific area of 
centralization. There has been no explanation as to why men show a tendency towards a 
higher level of testosterone and women a lower level than their control counterparts. This 
dual nature may explain why women are more susceptible to feline smell but without 
showing that the parasite actually alters or secretes testosterone it may be coincidental, 
especially since only one study measured the amount of testosterone in infected 
individuals versus control, and no study has quantified the change in testosterone before 
and after infection. It can therefore be concluded that testosterone levels may be 
responsible for some changes that occur within infected individuals, but it is likely not 
the sole underlying mechanism. 
 Subtle tropism had the least amount of evidence for behavioral alteration. The 
subtle tropism hypothesis was used to explain the alteration in the host’s attraction to 
feline urine through the presence of the parasite’s cysts putting pressure on certain parts 
of the brain, specifically the amygdala and hippocampus known to control fear responses. 
Unfortunately, studies that examined this hypothesis did not find evidence to support it. 
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However, several studies found a higher density of cysts within the amygdala and 
hippocampus, but these findings were not a consistent finding within each study with 
most cysts forming solitarily within the brain, lowering the chance of an increase in an 
area’s density. Though the distribution was not random there was no disenable pattern to 
support the subtle tropism hypothesis.  
As discussed above, since cyst distribution did not support the subtle tropism 
hypothesis, the non-random distribution may affect the dopamine production and 
subsequent behavioral changes within the host. Unlike testosterone, dopamine was found 
to be produced by the encysted parasite, mostly along the periphery of the cyst. The 
production has also been calculated before and after infection showing an increase of 114 
to 350% in independent studies, (Stibbs 1985 and Prandovsky et al. 2011). Dopamine is 
used within the brain to influence learning, reward and reinforcement, and can be used 
for specific interactions with the environment, unlike testosterone. Support is also 
gathered by the conversion of infected individual’s behavior through dopamine 
medication which lowers the dopamine level. Several mechanisms that the parasite may 
utilize in controlling the dopamine level include the control of enzyme tyrosine 
hydroxylase, the precursor to dopamine. Two genes that produce this enzyme have even 
been found within the T. gondii. A second dopamine pathway involves GBR 12909, a 
dopamine reuptake inhibitor, which raises the level of dopamine since it keeps the 
dopamine produced from being absorbed back into the brain. Since the neurotransmitter 
is produced by the parasite and control of the neurotransmitter alters the behavior of the 
infected individual back to its original state it should be concluded that dopamine is the 
key to the behavioral alteration, and controlled by the tyrosine hydroxylase encoding 
48 
 
genes. The implication behind this is that behaviors that are influenced by dopamine, and 
the problems associated with the channel, may be more readily understood and fixed by 
understanding how T. gondii manipulates the channel in such as specific fashion. 
Understanding of course will span across countless of fields as cultural roles, better 
diagnosis of disease, and how behavior works are better understood through the 
deciphering of T. gondii’s abilities. Further research should include behavioral 
manipulations and studies of different warm blooded organisms in order to distinguish 
whether there is a universal mechanism and which behaviors are evolutionarily 
developed specifically for mice. The difference on behavior and the evolution of the three 
types of T. gondii should be discovered to truly gain the knowledge of how the parasite 




Afonso, C., et al. “Chronic toxoplasma infection modifies the structure and the risk of 
  host behavior.” 7:3(2012):151-155. 
Alvardo-Esquivel, C., et al. “Toxoplasma gondii infection and schizophrenia: a case 
  control study in a low Toxoplasma seroprevalence Mexican population.” 
 Parasitolog International 60:2(2011):151-155. 
Arias, I., et. al. “Infectious agents associated with schizophrenia: A meta-analysis.” 
 Schizophrenia Research 136:1-3(2012):128-136.  
Aurelien, Dumetre, et al. “Interaction Forces Drive the Environmental Transmission of 
 Pathogenic Protozoa.” Applied and Environmental Microbiology 78:4(2011):905-
 912. 
Barbosa, B. F., et al."Enrofloxacin is able to control Toxoplasma gondii infection in both 
 in vitro and in vivo experimental models." Veterinarian Parasitology (2012). 
 [Ahead of Print] doi:10.1016/j.vetpar.2011.12.039  
Berdoy, M., et al. “Parasite-altered behavior: is the effect of Toxoplasma gondii on 
 Rattus norvegicus specific?” Parasitology 111:4(1995):103-9. 
Berdoy, M., et al. “Fatal attraction in rats infected with Toxoplasma gondii.” Proceedings 
  of the Royal Society of Biological Sciences 267:1452(2000):1591-4. 
Berenreiterova, M., et al. “The distribution of Toxoplasma gondii cysts in the brain of a 
 mouse with latent toxoplasmosis: implications for the behavioral manipulation 
 hypothesis.” PLoS One 6:12(2011):e28925.  
50 
 
Brown, A. S. “Exposure to prenatal infection and risk of schizophrenia.” Frontiers of 
 Psychiatry 63:2(2011):1-5. 
Chew, W.K., et al. “Toxoplasma gondii: determination of the onset of chronic infection 
 in mice and the in vitro reactivation of brain cysts.” Experimental Parasitology 
 1(2012):22-25. 
Denkers, E.Y., et al. “Manipulation of mitogen-activated protein kinase/nuclear factor-
 kappaB-signaling cascades during intracellular Toxoplasma gondii infection.” 
 Immunology Review 201(2004):191-205.  
El-Gozamy, B.R., et al. “Toxoplasmosis among pregnant women in Qualyobia  
  Governorate, Egypt.” Journal of Parasitology 39:2(2009):389-401.   
Feng. C.G., et al. “The immunity-related GTPase Irgm1 promotes the expansion of 
 activated CD4+T cell populations by preventing interferon-gamma-induced cell 
 death.” Nature Immunology 9:11(2008):1279-1287.  
Flegr, J., et al. “Decreased level of psychobiological factors novelty seeking and lower 
  intelligence in men latently infected with protozoan parasite Toxoplasma gondii 
  Dopamine, a missing link between schizophrenia and toxoplasmosis.” 
 63:3(2003):253-268.  
Flegr. J., et al. “Body height, body mass index, waist-hip ratio, fluctuating asymmetry 
 and second to fourth digit ratio in subjects with latent toxoplasmosis.”  
  Parasitology 130(2005):621-8. 
Flegr, J., et al. “Sex-dependent toxoplasmosis associated differences in testosterone 
 concentration in humans.” Parasitology 135:4(2008):427-431. 
51 
 
Flegr, J. “Effects of Toxoplasma on Human Behavior.” Schizophrenia Bulletin  
  33:3(2007):757-760.  
Frenkel, J.K., and J. P. Dubey. “Toxoplasmosis and Its Prevention in Cats and Man.” The 
 Journal of Infectious Diseases 126:6(1972):664-673. 
Gaskell, Elizabeth., et al. “A unique dual activity amino acid hydroxylase in Toxoplasma 
   gondii.” PLos One 4:3(2009): e4801. 
Gatkowska, J., et al. “Behavioral changes in mice caused by Toxoplasma gondii invasion 
  of the brain.” Parasitology Research (2012) [Ahead of Print].  
DOI:10.1007/s00436-011-2800-y 
Gazzinelli, R.T., et al. “In the absence of endogenous IL-10, mice acutely infected with 
  Toxoplasma gondii succumb to a lethal immune response dependent on CD4+ T 
 cells and accompanied by overproduction of IL-12, IFN-gamma and TNF-alpha.” 
 Journal of Immunology 15:157(1996):798-805. 
Grimwood, J., et al. "Attachment of Toxoplasma gondii to host cells is host cell cycle 
 dependent." Infection and Immunity 64:10(1996):4099-4104. 
Gulinell, M., et al. “Acquired infection with Toxoplasma gondii in adult mice results in 
  sensorimotor deficits but normal cognitive behavior despite widespread brain 
 pathology.” Microbes and Infection 12:7(2010):528-37. 
Hay, J., et al. “The effect of congenital and adult-acquired Toxoplasma infection on the 
 motor performance of mice.” Annuals of Tropical Medical Parasitology 
 77:3(1983):261-277.  
52 
 
Hodkova, H., et al. “Higher perceived dominance in Toxoplasma infected men-a new 
 evidence for role of increased level of testosterone in toxoplasmosis associated 
 changes in human): behavior.” Neuroendocinology Letters 28:2(2007):110-114. 
Hou, B., et al. “Critical coordination of innate immune defense against Toxoplasma 
  gondii by dendritic cells responding via their Toll-like receptors.” Proceedings of 
 the National Academy of Science 108:1:278-283. 
Jaroslav, Flegr., et al. “Fatal Attraction Phenomenon in Humans – Cat Odor  
  Attractiveness Increased for Toxoplasma-Infected Men While Decreased for 
  Infected Women.” Neglected Tropical Diseases 5:11(2011):e1389. 
Jones, J. L., et al. “Toxoplasma gondii infection in the United States, 1999-2004, decline 
  from the prior decade.” American Journal of Tropical Medicine and Hygiene 
  77:3(2007): 405-10. 
Kaye, A. “Toxoplasmosis: diagnosis, treatment, and prevention in congenitally exposed 
 infants.” Journal of Pediatric Health Care 25:6(2011):355-64.  
Khaki, A., et al. “Recovery of spermatogenesis by Allium cepa in Toxoplasma gondii 
 infected rats.” Journal of Pharmacy and Pharmacology 5:7(2011):903-907. 
Lady of Hats. Toxoplasmosis life cycle. 2010Wikimedia Commons. Wikimedia  
  Foundation. Web. 8 May 2012.  
 <http://en.wikipedia.org/wiki/File:Toxoplasmosis_life_cycle_en.svg> 
Lafferty, Kevin. “Can the common brain parasite, Toxoplasma gondii influence human 
  culture?” Proceedings of the Royal Society of Biological Sciences 
 273:1602(2006):2749 -2755. 
53 
 
Lafferty, Kevin. “Look what the cat dragged in: do parasites contribute to human cultural 
  diversity?” Behavioral Processes 68:3(2005):279-82. 
Lang, C., et al. "Subversion of innate and adaptive immune responses by Toxoplasma 
 gondii." Parasite Research 100:2(2006):191-203. 
Lavine, M.D., and G. Arrizabalaga. "Induction of mitotic S-phase of host and 
 neighboring cells by Toxoplasma gondii enhances parasite invasion." Molecular 
 and Biochemical Parasitology 164:1(2009):95-99.  
Liesenfeld, O., et al. “Importance of gender and sex hormones in regulation of 
 susceptibility of the small intestine to peroral infection with Toxoplasma gondii 
 tissue cysts.” Journal of Parasitology 87:6(2001):1491-1493. 
Ling, V. J., et al. “Toxoplasma gondii seropositivity and suicide rates in women.” The 
 Journal of Nervous and Mental Disease 199:7(2011):440-444. 
Melzer, T. C., et al. “Host Cell Preference of Toxoplasma gondii Cysts in Murine Brain: 
 A Confocal Study.” Journal of Neuroparasitology 1(2010):19-24. 
Montoya, E. R., et al. “Testosterone, cortisol, and serotonin as key regulators of social 
  aggression: A review and theoretical perspective.” Motivation and Emotion 
 36:1(2012):65-73.  
Montoya, J.G., and Liesenfeld, O. “Toxoplasma.” Lancet 363:9425(2004):1965-76. 
Novotna M., et al. “Probable neuroimmunological link between Toxoplasma and  
 cytomegalovirus infections and personality changes in the human host.” BMC 
 Infectious Disease 5(2005):54  
54 
 
Oktenli, C., et al. “Transient hypogonadotrophic hypogonadism in males with acute 
  toxoplasmosis: suppressive effect of interleukin-1 beta on the secretion of 
 GnRH.” Human Reproduction 19:4(2004):859-866. 
Okusaga, O., et al. “Toxoplasma gondii antibody titers and history of suicide attempts in 
 patients with schizophrenia.” Schizophrenia Research 133:1-3(2011):150-155. 
Pedersen, M.G., et al. “Toxoplasma infection and later development of schizophrenia in 
  mothers.” American Journal of Psychiatry 168:8(2011)814-821.  
Pezzella, N., et al. "Involvement of calcium and calmodulin in Toxoplasma gondii 
 tachyzoite invasion." European Journal of Cell Biology 74:1(1997):92-101. 
Pollard. A. M., et al. “The role of specific Toxoplasma gondii molecules in manipulation 
 of innate immunity.” Trends in Parasitology 25:11(2009):491-494. 
Prandovsky, E., et al. “The neurotropic parasite Toxoplasma gondii increases dopamine 
  metabolism.” PLoS One 6:9(2011): e23866. 
Reboucas, E. C., et al. “Seroprevalence of Toxoplasma infection among pregnant women 
 in Bahia, Brazil.” Transactions of the Royal Society of Tropical Medicine and 
 Hygiene 105:11(2011):670-1. 
Shapiro, K., et al. “Surface Properties of Toxoplasma gondii Oocysts and Surrogate 
  Microspheres.” Applied and Environmental Microbiology 75:4(2009):1185-1191. 
Skallova A., et al. “Decreased level of novelty seeking in blood donors infected with 
  toxoplasma. Neuroendocrinol.” Neuroendocrinol Letters 26(2005):480–486. 
55 
 
Skallova, A., et al. “The role of dopamine in Toxoplasma induced behavioral alterations 
  in mice: an ethological and ethopharmacological study.” Parasitology 
 133(2006):525 -535. 
Stibbs, H. “Changes in brain concentrations of catecholamines and indoleamines in 
 Toxoplasma gonsii infected mice.” Annuals of Tropical Medicine and  
  Parasitology 79:2(1985):153-157. 
 Sullivan. W.J., and Jeffers, V. “Mechanisms of Toxoplasma gondii persistence and 
  latency.” FEMS Microbiology Review 1111:10  (2011):1574-6976. 
Sukhumavasi, W., et al. “Absence of mitogen-activated protein kinase family member c
 -Jun N-terminal kinase-2 enhances resistance to Toxoplasma gondii.”  
  Experimental Parasitology 126:3(2010):415-420. 
Suzuki, Y., et al. “Removal of Toxoplasma gondii cysts from the brain by perforin-
 mediated activity of CD8+ T cells.”  The American Journal of Pathology 
 176:4(2010):1607-1613. 
Tedla, Y., et al. “Serum antibodies to Toxoplasma gondii and Herpesvidae family viruses 
  in individuals with schizophrenia and bipolar disorder: a case-control study.” 
 Ethiopian Medical Journal 49:3(2011):211-220. 
Xiao, Yue, et al. “Seroepidemiology of human Toxoplasma gondii infection in China.” 
 Infectious Diseases 10:4(2010):1-5. 
Xiao, J., et al. “Sex-specific changes in gene expression and behavior induced by chronic 
  Toxoplasma infection in mice.” Neuroscience 29:206 (2012)39-48. 
56 
 
Vallochi, A.L., et al. “Molecular markers of susceptibility to ocular toxoplasmosis, host 
 and guest behaving badly.” Journal of Clinical Ophthalmology 2:4 (2008):837-
 848. 
Van Anders, S.M., et al. “Safer sex as the bolder choice: testosterone is positively 
 correlated with safer sex behaviorally relevant attitudes in young men.” Journal of 
 Sexual Medicine 9:3(2012):727-734. 
Vyas, A., et al. “The effects of toxoplasma infection on rodent behavior are dependent on 
 dose of the stimulus.” Neuroscience 148:2(2007):342-8. 
Vyas, A., et al. “Behavioral changes induced by Toxoplasma infection of rodents are 
  highly specific to aversion of cat odor.” 104:15(2007):6442-6447. 
Webster, J.P. “Rats, cats, people, and parasties: the impact of latent toxoplasmosis on 
 behavior.” Microbes and Infection 3:12(2001):1037-45.  
Webster, J. P., et al. "Parasites as causative agents of human affective disorders: The 
 impact of anti-psychotic, mood-stabilizer and anti-parasite medication on 
 Toxoplasma gondii's ability to alter host behavior." Proceeding Biological  
  Sciences of the Royal Academy273:1589(2006):1023-1030. 
Webster, J.P. “The effect of Toxoplasma gondii on animal behavior: playing cat and 
 mouse.” Svhizophrenia Bull 33:3(2007):752-6. 
Witola, W.H., et al. “NALP1 influences susceptibility to human congenital   
  toxoplasmosis, proinflammatory cytokine response, and fate of Toxoplasma 
  gondii infected monocytic cells.” Infection and Immunity 79:2(2011):756-766. 
57 
 
Yolken, R.H., et al. “Toxoplasma and schizophrenia.” Parasite Immunology 
 31:11(2009):706-715. 
Zhou, Pengm, et al. “Toxoplasma gondii infection in humans in China.” Parasites and 
 Vectors 4:165 (2011):1-9. 
Zhao, Q., et al. "Evaluation of drug effects on Toxoplasma gondii nuclear and plastid 
 DNA replication using real-time PCR..” Parasitology Research 
 106:5(2010):1257-1267. 
Zhao, Y.O., et al. “Toxoplasma gondii and the immunity-Related GTPase (IRG) 
 resistance system in mice: a review.” Memorias do Instituto Oswaldo Cruz 
 104:2(2009):234-240. 
 
